Abstract. Granulin-epithelin precursor (GEP) is a novel growth factor whose up-regulation we previously reported in 72% of hepatocellular carcinoma (HCC). GEP expression has been reported to be associated with p53 protein accumulation in a breast cancer study, though the p53 mutation status was not revealed. We aim to investigate whether p53 protein and mutation status correlates with GEP expression in HCC. The statistical comparison of p53 and GEP data revealed an overall positive association between the two protein expression patterns (P<0.001). Upon detailed analysis, the association of p53 and GEP protein expression was found to be highly significant only in HCCs with wild-type p53 (P=0.001); there was no association in HCCs with p53 mutation (P=0.669). The GEP levels in the HepG2 hepatoma cell line with a wild-type p53 background were modulated by transfection experiments. Overexpression of the GEP protein resulted in an increased p53 protein level and suppression of the GEP protein resulted in a decreased p53 protein level in HepG2 cells. In summary, we demonstrated that p53 wild-type protein nuclei accumulation is associated with GEP protein expression in human HCC specimens, and GEP modulates p53 wild-type protein levels in vitro.
Introduction
Granulin-epithelin precursor (GEP) is a novel growth factor expressed in a number of aggressive cancers (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . GEP has also been reported to be involved in the wound healing process (12) and murine development (13) . We have shown that GEP overexpression is common in hepatocellular carcinoma (HCC) (72%, 79/110), and GEP controls the cell proliferation rates and tumor invasion ability in HCC (11) .
p53 is a tumor suppressor gene associated with approximately half of all human cancers worldwide (14) (15) (16) (17) (18) . Mutation of the p53 gene results in a biologically altered protein with increased stability and nuclear accumulation (19, 20) and has been observed in diverse cancer types including HCC. However, p53 protein accumulation is not always dependent on p53 gene mutation, and the mechanism involved is unclear (21) (22) (23) (24) (25) . Serrero and Ioffe have reported the association of p53 and GEP protein expression in breast cancer, although the p53 genotype was not characterized in their report (5) .
The aim of the current study is to evaluate whether these two important factors, GEP and p53, have any association in HCC. We used the immunohistochemistry method to detect p53 protein nuclei accumulation and direct DNA sequencing to examine p53 gene mutations. The association of p53 and GEP protein expression was highly significant in HCCs with wild-type p53. Transfection experiments were performed to modulate the expression levels of GEP in hepatoma cells with a wild-type p53 background. Here, we report that the GEP expression level positively regulates the level of wildtype p53 protein in HCC.
Patients and methods
Patients and specimens. The study protocol was approved by the Ethics Committee of the University of Hong Kong, and informed consent was obtained from all patients. Between March 1999 and April 2000, 55 patients undergoing resection of HCC at our institute were recruited for the current study. The clinicopathological data were prospectively collected from 42 men and 13 women, and serum hepatitis B surface antigen was positive in 49 patients (89.1%). Each HCC tissue specimen, approximately 0.5 cm 3 , was divided into small portions. One portion was formalin-fixed and paraffinembedded for histological and immunohistochemical studies. The other portions were snap-frozen in liquid nitrogen and stored at -70˚C until use. DNA was extracted using the Genomic DNA kit (Qiagen, Hilden, Germany).
Immunohistochemical staining. Immunohistochemistry was performed as described (11) . For p53 detection, monoclonal antibody DO-7 (Dako, Carpinteria, CA, USA) in a 1:50 dilution was used. For GEP detection, 2 μg/ml of GEP antibody was used (11) . Peroxidase blocking, secondary antibody and color development were performed using the Dako Envision Plus System (Dako, Carpinteria, CA, USA).
Gene sequencing. Direct DNA sequencing was performed for exons 4-9 of p53, in which >80% of all mutations were observed (14) (15) (16) (17) (18) . Primer sets and reaction conditions were adopted from Lehman et al (26) . DNA was amplified by polymerase chain reaction and direct DNA sequencing was performed with the BigDye Sequencing kit (Applied Biosystems, Foster City, CA, USA). Electrophoresis and sequence analysis were performed using the ABI PRISM 3100 (Applied Biosystems).
Transfection. The HepG2 hepatoma cell line (American Type Culture Collection, Rockville, MD, USA) containing wildtype p53 was used. The GEP cDNA encoding a full-length and antisense fragment was cloned into the mammalian expression vector pcDNA3.1 as described (11) . The cells were transfected with different constructs using LipofectAmine (Invitrogen, Carlsbad, CA, USA) and plated under G418 (USB, Cleveland, OH, USA) selection.
Western blot analysis. Total protein (20 μg) was separated in 10% SDS-PAGE gel and transferred to a polyvinylidene difluoride membrane (Millipore, Bedford, MA, USA). The blots were blocked with 10% non-fat dry milk, probed against GEP or p53 antibodies, followed by anti-rabbit immunoglobulin conjugated with horseradish peroxidase (Sigma-Aldrich, St. Louis, MO, USA). Control antibodies against ß-actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were used for protein loading normalization. The bands were visualized using the Enhanced Chemiluminescence Western Blotting Detection kit (Amersham Biosciences, Buckinghamshire, UK) and exposed on Hyperfilm™ (Amersham Biosciences). Fig. 1 ). The mutational status of the p53 gene was then investigated for its correlation with p53 protein accumulation (Table I) . Frameshift mutations were observed in 5 HCCs (one base deletion in 2 cases, small region deletion in 1 case, one base insertion in 1 case, and two base insertion in 1 case). Missense mutations were observed in 21 HCCs (one amino acid substitution in 19 cases, and two amino acid substitutions in 2 cases). Wild-type sequences were observed in 29 HCCs. On the whole, p53 mutation was significantly associated with p53 protein accumulation (17 of 28 HCCs with p53 mutation overexpressed the p53 protein, whereas 18 of 27 HCCs with wild-type p53 revealed no p53 protein accumulation; P=0.042). The current data were comparable with earlier reports on p53 mutation and p53 protein accumulation.
Association of p53 and GEP in human HCC. We examined the GEP protein expression level in an earlier study (11) . The GEP data were retrieved and compared with the p53 protein and gene mutation status (Table I) . Overexpression of GEP in HCCs was significantly associated with p53 protein accumulation (P<0.001) ( Table I ). The current data derived from HCCs were comparable to a study by Serrero and Ioffe which reported that GEP overexpression is associated with p53 protein overexpression in breast cancer (13) .
Further analysis based on the p53 mutation status revealed a new link between p53 and GEP (Table I ). In HCCs that revealed a p53 missense mutation, the majority showed p53 protein accumulation (81.0%, 17/21) and no association with GEP overexpression (P=0.669). In HCCs with a p53 frameshift mutation (n=5), p53 protein was undetectable. Data on the association of p53 mutation with p53 protein accumulation status were concordant with the literature. Of note, in HCCs with the wild-type p53 gene, p53 protein accumulation was common (37.9%, 11/29) and was significantly associated with strong GEP expression (P=0.001) ( Table I ). This is the first report to reveal up-regulation of growth factor GEP in association with the accumulation of wild-type p53 nuclei protein in human tumor tissue.
GEP-modulated wild-type p53 protein levels. The HepG2 hepatoma cell line with wild-type p53 was used (Fig. 2) . Increased GEP protein levels by transfection of a full-length GEP expression construct resulted in increased p53 protein levels. Similarly, decreased GEP protein levels by transfection of an anti-sense GEP fragment construct resulted in decreased p53 protein levels in HepG2 with wild-type p53. These data indicated that GEP can modulate p53 wild-type protein levels. Table I . Association of p53 mutation, p53 and granulinepithelin precursor (GEP) protein expression.
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Discussion
Somatic mutations in the p53 tumor suppressor gene have been widely explored in HCCs from patients in different parts of the world (14) (15) (16) (17) (18) . In regions with high dietary aflatoxin B1 and endemic with hepatitis B virus infection, typical G to T transversion at the third base in codon 249 is frequently observed. However, in Europe and our locality with a low level of dietary aflatoxin B1, p53 gene mutations are not common and only a few occur at codon 249. The association of p53 gene mutation status with p53 protein accumulation has also been studied extensively. The present study, consistent with reports from the literature, also demonstrated that p53 mutations were frequently observed in HCCs with p53 protein accumulation. Our data also confirmed that p53 gene mutation might result in a biologically altered protein with increased stability, and was therefore detectable by immunohistochemistry as p53 protein nuclear accumulation (19, 20) . Nevertheless, there were some HCCs with p53 mutation but no detectable p53 protein, revealing that the absence of p53 protein does not rule out the involvement of p53 gene aberration. Some of these exceptional cases revealed frameshift mutation (deletion in 3 cases and insertion in 2 cases), so the truncated protein might be unstable or the epitope masked and therefore undetectable by the monoclonal antibody DO-7 used in the experiment. p53 protein accumulation is not always dependent on p53 gene mutation (21) (22) (23) (24) (25) , and the mechanism involved is unclear. Although p53 protein accumulation can be a result of gene mutation and the p53 mutant protein is a more stable protein (19, 20) , the current study demonstrates that p53 protein stabilization may be caused by events other than p53 gene mutation. Stabilization and inactivation of wild-type p53 protein by association with viral proteins, such as the hepatitis B virus X protein (27) and SV40 large T antigen (28), have been reported. As GEP protein is detectable in the cytoplasm and p53 protein is in the nucleus (Fig. 1) , GEP protein is less likely to directly interact with p53 protein. Nonetheless, GEP could possibly enhance p53 transcription and/or translation through GEP downstream molecules, and thus result in an increased level of p53 protein. Alternatively, GEP could modulate the binding molecules of p53, and thereby stabilize the p53 protein. As wild-type p53 protein induces cell death by apoptosis (29) , it would therefore be inactive for their accumulation in human tumors. Nevertheless, the exact mechanism of p53 and GEP regulation is unknown and warrants further investigation.
In our earlier study, GEP was frequently overexpressed in HCCs (72%, 79/110) (11) . Enhanced GEP expression in HCCs was associated with the more aggressive tumor features including large tumor, venous infiltration, and early intrahepatic recurrence. We also demonstrated by functional studies that GEP controlled the HCC cell proliferation rate, invasion and tumorigenicity. GEP protein is a secretory protein, and enhanced expression of GEP in the more aggressive cancers has also been reported in diverse cancer types (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . GEP has been reported to be involved in the wound healing process (12) and murine development (13) . All of the data suggest that GEP is an important factor in the control of cell growth. However, GEP-associated genes and/or pathways are not well characterized. GEP activates a number of pathways in different cell types including p44/42 mitogen-activated protein kinase (MAPK) (30) (31) (32) . The MAPK cascade can also be activated by p53 (33) . Therefore, control of HCC growth and invasion by the MAPK pathway could be mediated by GEP through p53 up-regulation.
In summary, this is the first report on human cancers that reveal the association of GEP up-regulation with wild-type p53 protein nuclei accumulation. The current data were based on the study of HCC but encourage investigation into other human tumors for the involvement of GEP, especially tumor types that reveal nuclei accumulation of p53 wild-type protein.
GEP is a novel growth factor that controls cell proliferation, invasion and tumorigenicity, while p53 wild-type protein accumulation is likely to be inactive. Nonetheless, the exact link between p53 and GEP is unknown, and the transcriptiondependent and -independent functions of wild-type p53 are also not well-known (34) . Further study will be necessary to demonstrate the precise mechanism and functional implication of GEP overexpression and nuclei accumulation of wild-type p53 protein.
